Abstract Women diagnosed with or at high risk for breast cancer increasingly choose prophylactic mastectomy. It is unknown if adding sentinel lymph node biopsy (SLNB) to prophylactic mastectomy increases the risk of lymphedema. We sought to determine the risk of lymphedema after mastectomy with and without nodal evaluation. 117 patients who underwent bilateral mastectomy were prospectively screened for lymphedema. Perometer arm measurements were used to calculate weight-adjusted arm volume change at each follow-up. Of 234 mastectomies performed, 15.8 % (37/234) had no axillary surgery, 63.7 % (149/234) had SLNB, and 20.5 % (48/234) had axillary lymph node dissection (ALND). 88.0 % (103/117) of patients completed the LEFT-BC questionnaire evaluating symptoms associated with lymphedema. Multivariate analysis was used to assess clinical characteristics associated with increased weight-adjusted arm volume and patient-reported lymphedema symptoms. SLNB at the time of mastectomy did not result in an increased mean weightadjusted arm volume compared to mastectomy without axillary surgery (p = 0.76). Mastectomy with ALND was associated with a significantly greater mean weight-adjusted arm volume change compared to mastectomy with SLNB (p \ 0.0001) and without axillary surgery (p = 0.0028). Patients who underwent mastectomy with ALND more commonly reported symptoms associated with lymphedema compared to those with SLNB or no axillary surgery (p \ 0.0001). Patients who underwent mastectomy with SLNB or no axillary surgery reported similar lymphedema symptoms. Addition of SLNB to mastectomy is not associated with a significant increase in measured or self-reported lymphedema rates. Therefore, SLNB may be performed at the time of prophylactic mastectomy without an increased risk of lymphedema.
Introduction
Contralateral prophylactic mastectomy is increasingly performed in patients with a diagnosis of breast cancer. Patients with a family history of breast cancer, a BRCA1 or BRCA2 mutation or simply a diagnosis of unilateral breast cancer may choose to undergo contralateral prophylactic mastectomy for risk reduction [1] [2] [3] [4] [5] . In fact, the number of women who opt for contralateral prophylactic mastectomy rose from 0.4 to 4.7 % from 1998 to 2007 [6] .
Controversy exists regarding whether to routinely perform sentinel lymph node biopsy (SLNB) at the time of prophylactic mastectomy. In the setting of a known invasive cancer, SLNB is routinely performed at the time of mastectomy to accurately stage the breast cancer [7] . Occult invasive cancers may be detected in approximately 1-3.5 % of prophylactic mastectomy specimens [8] [9] [10] [11] . If no nodal evaluation is performed at the time of prophylactic mastectomy and an occult invasive cancer is found, patients must return to the operating room for an axillary lymph node dissection (ALND).
Staging the axilla with SLNB compared to ALND has been shown to decrease the risk of subsequent lymphedema and symptoms associated with lymphedema [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The reported incidence of measured lymphedema associated with SLNB ranges from 3.5 to 11 %, compared with up to 30 % in patients undergoing ALND [12, [21] [22] [23] . Similarly, patients who undergo ALND experience an increase in sensation changes associated with lymphedema such as tenderness, firmness/tightness, heaviness, and aching when compared with SLNB alone [15, [24] [25] [26] [27] . Lymphedema remains one of the most-feared side effects of breast cancer treatment, and is known to cause significant physical and psychosocial detriments [28] [29] [30] [31] .
In this study, we sought to determine the risk of lymphedema in patients who underwent mastectomy with and without nodal evaluation. We analyzed changes in measured arm volumes and self-reported lymphedema symptoms to determine whether adding a SLNB to prophylactic mastectomy increases the risk of measured lymphedema or symptoms associated with lymphedema.
Methods and patients

Study design
Women undergoing treatment for breast cancer at our institution are prospectively screened for lymphedema using serial perometer arm volume measurements with the approval of the Massachusetts General Hospital/Partners Health Care Institutional Review Board [32] . Assessment for lymphedema in patients after bilateral breast surgery is particularly challenging, since lymphedema criteria are commonly based on comparison between the at-risk and contralateral arm. We therefore utilized a weight-adjusted arm volume change equation which calculates change in arm volume compared to a pre-operative measurement and accounts for temporal changes in patient weight. A similar BMI-adjusted arm volume change equation has previously been proposed [33] . For this study, weight-adjusted change was calculated for the left and right arm independently at each post-operative assessment according to the formula, weight-adjusted change = (A2*W1)/(W2*A1) -1, where A1 is pre-operative arm volume, A2 is arm volume at a post-operative assessment, and W1 and W2 are the patient's weights at these time points.
Patients 117 patients undergoing bilateral mastectomy from 2006 to 2011 were enrolled. Bilateral mastectomy was performed for bilateral breast cancer or for unilateral breast cancer with contralateral prophylactic mastectomy. Each patient had at least 3 months of post-surgical follow-up measurements, and 88.0 % (103/117) of patients completed a modified version of the Lymphedema Evaluation Following Treatment for Breast Cancer (LEFT-BC) Questionnaire at their most recent follow-up. We did not require that the bilateral mastectomy be performed as a single procedure. Each breast was considered individually, and mastectomies were divided into groups based on surgery type: mastectomy without axillary surgery, mastectomy with SLNB, and modified radical mastectomy (mastectomy with ALND). The decision to perform a SLNB at the time of prophylactic mastectomy was at the discretion of the patient and treating surgeon. In general, SLN biopsy was performed at the time of prophylactic mastectomy, unless the patient had a normal pre-operative breast MRI of the prophylactic breast. For the SLNB procedure, all patients received a subareolar injection of 0.52 mCi of filtered Tc99m sulfur colloid. Some patients were also injected with methylene blue or lymphazurin at the discretion of the treating surgeon.
Of 234 individual mastectomies, 37/234 (15.8 %) were without axillary surgery, 149/234 (63.7 %) with SLNB, and 48/234 (20.5 %) with ALND. 45.3 % (106/234) of mastectomies were prophylactic, 34.0 % (36/106) without axillary surgery, and 66.0 % (70/106) with SLNB. Patient demographics, pathology, surgical, radiation, and medical oncology treatments were collected via medical record review.
Measured arm volume changes
Weight-adjusted arm volume change at each follow-up visit was used to indicate the presence of measured lymphedema. Measurements recorded within 3 months of surgery were not included for analysis, as patients may have experienced post-surgical arm volume increases unrelated to lymphedema during this time [34] . The median number of follow-up measurements after the 3 month post-op period was three per patient with a range of 1-9.
Lymphedema symptoms Lymphedema symptom data was collected via patient selfreport using the LEFT-BC Questionnaire which contained sections from multiple validated surveys utilized for lymphedema assessment [27, [35] [36] [37] . We administered a modified version of the LEFT-BC pertaining to symptoms experienced on each side at any time point greater than 3 months post-operative. Patients' past history of lymphedema treatment was collected via patient self-report. Patients at our institution undergo routine perometer measurements, and if an arm volume increase is detected patients are encouraged to return for a follow-up measurement, at which time they are referred to physical therapy for stretching exercises and a compressive garment.
Questions pertaining to lymphedema symptoms from the LEFT-BC Questionnaire included:
• Have you ever noticed that your arm, shoulder, neck, or hand felt larger? • Have you ever noticed that your sleeve, sleeve cuff, or ring felt tighter? • Have you ever noticed swelling or heaviness in your arm, hand, breast, or chest?
Statistical analysis
Multivariate mixed effects models were used to assess the association of clinical characteristics and lymphedema symptoms with mean weight-adjusted arm volume. These models account for the correlation between weight-adjusted arm volume measurements obtained from the same patient and on the same side of the body. Regional lymph node and chest wall radiation were not included as part of the multivariate analysis because both treatments are highly correlated with having undergone ALND and inclusion of these variables interferes with accurate estimation of the effect of surgery type. Generalized estimating equations models were used to assess the association of surgery type and lymphedema symptoms.
Results
Patient characteristics
91 % (106/117) of patients who underwent bilateral mastectomy had unilateral breast cancer but chose bilateral mastectomy, and 9 % (11/117) of patients underwent bilateral mastectomy for known bilateral breast cancer. The mean age at surgery was 47 years (range 23-69), and mean pre-operative BMI was 26 kg/m 2 (range 17-51). Mean post-surgical follow-up was 29 months (range 3-64).
Of the 117 patients, 21 % (25/117) underwent unilateral SLNB with no contralateral axillary surgery, 40 % (47/ 117) underwent bilateral SLNB, 10 % (12/117) underwent ALND with no contralateral axillary surgery, 26 % (30/ 117) underwent ALND with contralateral SLNB, and 3 % (3/117) underwent bilateral ALND. Final pathology of mastectomy specimens revealed unilateral DCIS in 11 % (13/117), bilateral DCIS in 1 % (1/117), unilateral invasive cancer in 73 % (85/117), unilateral invasive cancer and contralateral DCIS in 6 % (7/117), and bilateral invasive cancer in 9 % (11/117). Median invasive tumor size was 1.8 cm (range 0.1-8.0). Median number of lymph nodes removed during SLNB was 1 (range 1-10) and during ALND was 15 (range . Occult cancers were identified in 7.5 % (8/106) of prophylactic mastectomies, 2.8 % (3/ 106) were invasive, and 4.7 % (5/106) non-invasive breast cancers. One of the three occult invasive cancers had a micrometastasis to the SLNB. The remaining two occult invasive cancers had a SLNB performed at the time of mastectomy that was negative for metastasis.
Patients who underwent mastectomy without axillary surgery and mastectomy with SLNB had similar mean age at surgery, mean pre-operative BMI, opted for similar types of reconstruction, received similar radiation and chemotherapy treatment, and had a similar mean follow-up. Patients who underwent ALND compared to those without axillary surgery or with SLNB were younger, more commonly received post-mastectomy radiation with or without nodal radiation and chemotherapy, and had longer mean follow-up (Table 1) .
Measured arm volume changes
By univariate analysis, there was no significant difference in mean weight-adjusted arm volume change between mastectomy with SLNB and mastectomy without axillary surgery (p = 0.87). For the 106 prophylactic mastectomy cases (excluding those performed for known carcinoma), there was also no significant increase in mean weightadjusted arm volume change for mastectomy with SLNB compared to no axillary surgery (p = 0.22). Mastectomy with ALND had a significantly higher mean weightadjusted arm volume compared to mastectomy without axillary surgery (p = 0.0006) or with SLNB (p \ 0.0001) (Fig. 1) . Univariate analysis demonstrated no increase in mean weight-adjusted arm volume change of the ipsilateral arm for patients who underwent mastectomy with SLNB on the opposite side (p = 0.098). Mastectomy with ALND on the opposite side resulted in a significantly decreased mean weight-adjusted arm volume change in the ipsilateral arm (p = 0.0041).
By multivariate analysis, mastectomy with SLNB did not result in greater mean weight-adjusted arm volume change compared to mastectomy without axillary surgery, with means of 0.29 and 0.39 %, respectively (p = 0.76). Mastectomy with ALND was associated with a significantly higher mean weight-adjusted arm volume change of 2.89 % compared to mastectomy with SLNB (p \ 0.0001) or no axillary surgery (p = 0.0028). Increased mean weight-adjusted arm volume change was associated with ALND and not with BMI or type of reconstruction by multivariate analysis. Type of surgery on the contralateral side did not contribute significantly to the multivariate model ( Table 2) .
Lymphedema symptoms
Patients who underwent mastectomy with SLNB reported a similar incidence of lymphedema symptoms compared with patients who underwent mastectomy without axillary surgery. There was no significant difference in reported rates of larger arm, shoulder, neck, or hand (p = 0.92); tighter sleeve, sleeve cuff or ring (p = 0.98); or swelling or heaviness in the arm, hand, breast, or chest (p = 0.12). (Fig. 2) . Patients who reported lymphedema symptoms of larger arm, shoulder, neck, or hand (p = 0.0014) had a statistically significant increased mean weight-adjusted arm volume change by multivariate analysis (Table 3 ).
Lymphedema treatment
Of 117 patients, only those who underwent mastectomy with ALND reported having received treatment for lymphedema. Of the 48 mastectomies performed with ALND, 22.9 % (11/48) underwent consultation with a lymphedema physical therapist and upper extremity exercises, and 8 of the 11 underwent treatment with compression sleeve. By univariate analysis, lymphedema treatment was associated with a significantly increased mean weightadjusted arm volume change for the ipsilateral arm, with a mean of 6.50 % (p \ 0.0001). Lymphedema treatment on the opposite side was significantly associated with a decreased mean weight-adjusted arm volume change in the ipsilateral arm (p \ 0.0001).
Discussion
To our knowledge this is the first study to evaluate the risk of lymphedema after mastectomy with or without nodal evaluation. In our cohort with a mean follow-up of 29 months, the addition of a SLNB to mastectomy did not result in a significantly higher risk of measured lymphedema, nor did patients who underwent mastectomy with SLNB report a significantly higher incidence of symptoms associated with lymphedema. Prophylactic mastectomy is increasingly performed for patients at high risk for or with diagnosis of breast cancer. However, the routine use of SLNB at the time of prophylactic mastectomy remains controversial. Proponents of routine SLNB note that occult invasive cancers are detected in 1-3.5 % of prophylactic mastectomy specimens [8] [9] [10] [11] . 2.8 % of women in our cohort were found to have invasive cancers in their prophylactic mastectomy specimens, which may be in part due to non-routine use of preoperative breast MRI. However, all three patients had preoperative evaluation with a breast MRI, one of the MRIs demonstrated a suspicious lesion on the prophylactic side, and the decision was made not to biopsy because bilateral mastectomy was planned, one MRI demonstrated a probably benign lesion on the prophylactic side for which 6-month follow-up was recommended, and the final breast MRI was normal, however, limited due to motion artifact and marked background enhancement.
Patients found to have occult invasive cancers after prophylactic mastectomy without SLNB are committed to ALND, which increases the risk of lymphedema, pain, sensory disturbances, and shoulder dysfunction [19, 22, 38, 39] . In our cohort, two of 106 patients who underwent contralateral prophylactic mastectomy were spared subsequent axillary lymph node dissection because a SLNB was performed at the time of their prophylactic mastectomy. Furthermore, the addition of SLNB to prophylactic mastectomy does not have to compromise cosmesis. Kiluk et al. [40] demonstrated the feasibility of performing SLNB through an inframammary incision for nipple sparing mastectomy without a second axillary incision.
Opponents of SLNB note that although SLNB results in lower morbidity than ALND, the procedure may be associated with post-operative complications including lymphedema, seroma formation, limited arm mobility, and sensory morbidity [12, 15, 17, 19, 24, 25, [41] [42] [43] [44] [45] . In fact, studies have reported an incidence of lymphedema following SLNB in the range of 3.5-11 % [12, [21] [22] [23] . However, the majority of these studies evaluated the morbidity of SLNB at the time of lumpectomy and not mastectomy and therefore may not accurately assess the risks of SLNB in the setting of prophylactic mastectomy. Although it was not found to be of statistical significance in this analysis, our data suggests a trend toward increased lymphedema symptoms reported by patients with SLNB compared to those without axillary surgery. This should be further explored in a larger sample of patients with greater follow-up. Opponents of prophylactic SLNB also note that the incidence of an occult invasive cancer detected at the time of prophylactic mastectomy is rare. In a recent metaanalysis of 1,343 prophylactic mastectomy specimens, Zhou et al. [46] reported a 1.7 % incidence of occult invasive cancers. In this analysis, only 1.2 % of patients were spared an axillary lymph node dissection because a SLNB was performed at the time of prophylactic mastectomy and an invasive occult cancer was discovered.
Others promote selective use of SLNB at the time of prophylactic mastectomy [47] . In patients who have undergone a breast MRI pre-operatively either due to a BRCA1 or BRCA2 mutation or for further evaluation of the primary tumor, the incidence of occult contralateral invasive cancer is low [10] . Therefore, SLNB is omitted at the time of mastectomy with a normal pre-operative breast MRI. However, pre-operative breast MRI simply for nodal evaluation is not recommended due to the increased costs associated with performing a breast MRI to rule out a contralateral occult invasive cancer compared with the costs of performing a SLNB at the time of mastectomy [48] . Based on the results of our study, SLNB may safely be performed at the time of prophylactic mastectomy for axillary staging without an increased risk of lymphedema.
SLNB is also selectively performed at the time of contralateral mastectomy in patients with inflammatory or locally advanced breast cancer to identify contralateral metastases from the primary tumor which would reclassify the patient as Stage IV. In our series, for patients who underwent mastectomy with ALND, we did not see an increased risk of lymphedema in the arm on the opposite side, which could occur due to lymphatic damage caused by ALND and subsequent lymph flow to the contralateral side [49] . In fact, patients had a significant reduction in mean weight-adjusted volume change in the arm on the side opposite to mastectomy with ALND. In addition, patients who were treated for lymphedema experienced a reduced mean volume change in the arm on the opposite side, which may be due to adherence to upper extremity exercises bilaterally. Our study is limited by its retrospective nature, the nonrandomized selection of patients for SLNB versus no nodal analysis at the time of mastectomy, and the relatively small sample size. Of note, the mean length of follow-up for the cohort who underwent modified radical mastectomy was 1 month greater than follow-up for patients who underwent mastectomy with or without SLNB. This should not result in a bias as most patients returned to follow-up at 3 month intervals. Symptoms associated with lymphedema may be under-reported since this information was captured at the most recent follow-up, at which time patients may not have been able to recall symptoms that occurred at an earlier time. Finally, our analysis included mastectomies performed for both treatment and prophylactic purposes. Therefore, applicability to the strictly prophylactic setting may be limited. Owing to these limitations, further research is warranted using a larger cohort of patients with increased follow-up to confirm our findings regarding lymphedema risk after mastectomy with and without SLNB.
In conclusion, we have demonstrated that the addition of SLNB to mastectomy does not significantly increase the risk of lymphedema. Patients for whom an occult invasive cancer may be suspected, such as those without pre-operative breast MRI or those with a BIRADS three pre-operative imaging, would benefit from SLNB to reduce the risk of subsequent axillary lymph node dissection. In addition, patients with a locally advanced or inflammatory breast cancer who opt for contralateral prophylactic mastectomy may undergo SLNB on the prophylactic side to rule out contralateral axillary metastasis without an increased risk of lymphedema.
